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SUMMARY 


Results are presented of strength tests of curved and plane shear 
-webs and plane "beam webs of 24 S-T «innvtmTm alloy stiffened transversely 
(in the direction of curvature) by uprights that are not connected to 
the flanges . A method of predicting •ultimate strengths based on a 
modified theory of Incomplete diagonal tension In plane -webs Is given. 


INTRODUCTION 


Detachable panels on wing surfaces are often stiffened only In the 
chord-wise direction and are attached by screwing the edges of the panels 
to the wing skin. By the nature of their construction, such panels are 
loaded primarily In shear, but the usual methods of analyzing shear webs 
are not applicable because they are valid only when the ends of the 
stiffeners are attached to longitudinal edge members. This paper 
presents results of tests of detachable panels and an empirical method 
of predicting their strengths, based on a modification of the theory of 
Incomplete' diagonal tension. 


SYMBOLS 


A area enclosed by wiftfllen line of cross section of torsion box, 

square Inches 

R radius of curvature of sheet, Inches 

d spacing of uprights. Inches 

k diagonal -tension factor 

t thickness. Inches (without subscript signifies thlokness 

of web) 
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p oentroldal radius of gyration of cross seotlon of upright 

about ails parallel to web, Inches 

t nominal, shear stress, ksi ... . . . .. 

Subscripts : 

U upright 

cr critical 

ult ultimate 

e effective 

Special combinations : 

Ag cross-sectional area of upright, - square Inches 

Ag effective cross-sectional area of upright, square IncheB 

d 

Lq ■ reduced "effective" column length (see formula (12) of 

reference l) 

Puit ultimate force, kips 

®ult ultimate torque, kip-inches 

h e depth of beam measured between centroids of flanges. Inches 

cod parameter of flange flexibility used In theory of diag on al 

tension 


TEST SPECIMENS 


Thirty-nine specimens of three types were tested: plane shear 

■webs, curved shear webs, and plane beam webs. The webs were stiffened • 
transversely (in the direction of curvature), and both webs and 
stiffeners were made of 24S-T aluminum alloy. For identification of the 
shear webs a cod,e designation is used such as 4-D-l, which has the 
following meaning: 

4 is the number of the specimen 

D stands for double uprights (S, for single uprights) 

1 is the approximate 'i’ise" (distance In Inches , measured at midchord, 
from chord to web) 
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General dimensions of the test specimens are shown In figure 1, and 
more detailed dimensions are given In table 1. The webs with single 
uprights represent practical construction^ the webs with double uprights 
were Intended for use in obtaining Chech data for possible future 
theoretical analysis . 


On all the specimens the uprights extended transversely over the 
web and were cut off a short distance from the flanges, as shown in 
figure 1. The. clear distance between the end of the upright and the 

inch for the shear webs and ^ inch for the beam webs . 

The shear webs were attached to a torBion box and loaded by means 
of a couple applied at the tip, as Indicated in figure 1. The root end 
of the torsion box was fastened in such a manner that it was practically 
free to warp. The beam webs were tested as cantilever beams with the 
load applied at the free end. 


flange was ^ 


TEST HESUITS AND DlSCUSSIOir 


The test results are summarized in table 2. The ultimate nominal 
shear stresses developed by the specl mens were calculated by the 
following formulas: 


T ui.t 
T ult “ 2At 


(for shear webs) 


T F Ult 

ult “ h e t 


(for beam webs) 


Predicted failing loads for stiffener crippling, column failure, 
and web failure are expressed in the table as the nominal shear 
stress r, so that strength comparisons may be made between similar 
webs of different curvatures. 

All predicted failing shear stresses shown in the table were 
calculated for the plane shear webs using the theory of plane diagonal 
tension given in reference lj reductions were made to the allowable 
stress curves in order to provide for the uprights not being attached 
to the flanges. 
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Seduced Allowable Stresses 

The predicted failing loads for forced crippling failure of the 
uprights were calculated using 0 .7 times the allowable stresses given 
by the design formulas (13a) and (13b) of reference 1. The predicted 
falling loads for column failure are based on 0 .7 times the allowable 
column stress obtained by entering a standard oolumn curve using the 
slenderness ratio L e /p as argument . The reduced "effective" column 

length Lq is calculated using formula (12) of reference 1. 

The predicted falling loads for web failure are based on 0 -59 times 
the allowable web shearing stress gLven by the upper curve in 
figure 14(a) of reference 1. The value taken from this curve was 
corrected to- the material properties of the web by multiplying by the 
ratio of the actual tensile strength of the web to the tensile strength 
upon which the curve is based. The following web tensile strengths, 
determined by separate tests, were used: 70-5 ksi for plane shear 

webs, 71*8 ksi for plane beam webs 1-S and 2-3, and 71*3 ksi for plane 
beam webs 3-S and 4-S . Observation of - the shear and beam webs during 
the tests showed that, at about two-thirds the ultimate load, a sharp 
fold developed in the sheet between the ends of the uprights and the 
flanges . The web failures in most oases were caused by the upright 
ends punching through the sheet. 


Plane Shear Webs and Beam Webs 

Ratios of the nominal shear stress at- actual failure to the nominal 
shear stress at the predicted failure for the plane shear webs are 
gLven in table 2. Comparison of the predicted with the actual failing 
loads shows that the strength predictions based on the allowable 
stresses ohosen were conservative except for specimen 1-S which is 
unconservative by a negligible amount. Table 2 also shows that the 
ratio of actual to predicted strength for the plane webs ranges 
from 0.98 to 1.48, only three tests having a ratio larger than 1.4. 

The average ratio of actual to predicted strength is 1.24. For plane 
diagonal -tension beams, with uprights conneoted to the flanges, the 
corresponding average ratio for a large number of teBts is 1.2, and 
the ratio of 1.4 is exceeded only in a few tests (fig. 22 of reference l) 


Curved Shear Webs 

The general problem of cylindrical shear webs is treated in 
reference 2. Analysis by means of this method, however, gave very poor 
results (very optimistic strength predictions) . The main reason for 
this failure of the theory is probably the following. In the theory of 
diagonal tension, the state- of stress in the web and in the stiffeners 
is governed by the shortening of the distance between flanges. If the 
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upri^itB are connected to the flanges, this shortening Is equal to the 
total shortening of the uprights, 'which can he calculated. If the 
uprights are not connected to the flanges, however, the sheet between 
the end rivet in the upright and the flange "buckles badly, and the 
geometric shortening caused by this buckling becomes much larger than 
the compressive shortening of the upright* This fact may be expressed 
by saying that the "effective" upright area is much less than the 
actual area, and calculation of the effective area would require an 
extremely difficult analysis of the buckled sheet under the ends of 
the upright • 

Inspection of the experimental values of ^ for the curved 

webs disclosed the interesting fact that, aside from scatter of an 
apparently h a ph azard nature, these stresses were approximately equal 
to those for the corresponding plane webs. It is, of course. Impossible 
to predict over what range of parameters this somewhat surprising 
coincidence will hold. The number of tests appears to be sufficient, 
however, to make it plausible that, for moderate curvatures such as 
encountered in wing surfaces (away from the leading edge), the strength 
of detachable panels of the type considered in this paper can be 
predicted with reasonable confidence by disregarding the curvature and 
applying the method described for plane panels. The values given in 
table 2 show that the average ratio of actual to predicted strength 
on this basis is 1.23 for the webs with 70 -inch radius and 1.15 for 
the webs with 25 -inch radius, while the ratio for plane webs was given 
before as 1.2k. Shear web 6-D-l had the highest ratio of actual to 
predicted strength (1.65). Too much weight, however, should not be 
given to this result because the torque loading frame had insufficient 
throw and started to bind so that the actual load applied to the 
specimen was less than the indicated load. Table 2 shows that, if 
specimen 6-D-l is disregarded, the minimum ratio of actual to predicted 
strength for curved specimens was 0-99 and the mail mum was l.kl, 
corresponding ratios for plane specimens being 0 .98 and 1.48. The 
accuracy of prediction for the curved webs is therefore of the same 
order of magnitude as for the plane webs . 

The suggested explanation for the failure of the theory on the 
curved webs indicates that a more rational method tha n the one given 
herein would require not only a modification of the allowable stresses 
but also a modification of the method of computing the stresses in 
curved or plane webs with disconnected uprights. Until such a method 
is developed, the one presented herein may serve as a guide. 


CONCLUSIONS 


From teste of 39 shear webs which had transverse stiffeners not 
connected to the flange members, the following conclusions were drawn: 
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1. The ultimate strength of the plane vets could he predicted by 
the theory of incomplete diagonal tension after the allowable stresses 
used in this theory were suitably reduced* 

2. The ultimate strengths of the curved webs were essentially 
the same as those of corresponding plane w^bs . 

3* The consistency of strength predictions for plane or curved 
webs was about the same as for plane webs in which the stiffeners are 
connected to the flanges. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va • , February l8, 1948 
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Curved torsion box Plane torsion box 



Fiqure I.- Dimensions of test specimens. 




